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INTRODUCTION AND SUMMARY 

The initial Phase A Orbital Transfer Vehicle (OTV) Ermine Study ProRrani was 
structured to identify candidate OTV engine cycle concepts and design coni Igura- 
tlona, to evaluate and assess the characteristics and capabilities of the 
candidates, and to determine an interim engine power cycle and engine coni Igura- 
tion which can best meet the goals and requirements of the OTV program. In 
that Initial portion of the study program parametric OTV engine data (perl ormance, 
weight, cost) were generated and made available to OTV system contractors. 

The OTV engine will be used to power the Orbital Transfer Vehicle tliat Is 
carried into low earth orbit by the Space Shuttle. The OTV engine has the major 
objectives of high payload capability, high reliability, low operating cost, 
reusability, and operational flexibility. The OTV engine study is based upon 
1980 technology. Preliminary cost data were also generated during Initial Pliase 
A studies. 


Recognizing the reliability potential of the expander engine cycle and taking 
full advantage of continuing evaluation studies, through Phase B definition, 
by both vehicle and engine contractors, Rocketdyne recommended that botli tlie 
staged combustion and expander engine cycles be continued through the OTV 
Vehicle Definition pVtase. 

The current Phase A-Extension of the OTV engine study program will provide 
additional expander and staged combustion cycle data that will lead to design 
definition of the OTV engine. The proposed program effort will optimize the 
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expnndcT cycXo engine concept (connlntcnt with Identified OTV enhiee requlrt 
menta), InventlROte the feanlblUty of kitting the ntuged combuatlon cycle engine 
to provide extended low thrunt operation, and conduct In-depth anal vh I s *>1 
development rink, crew safety, and reliability for both cycles. Additional tasks 
will address costing of a lOK thrust expander cycle engliu' and support ol OTV 
systems study contractors. 


The detailed study objectives are to: 

1. Prepare and submit a study plan for this extension 

2. Perform pre-point design studies to optimize thrust chamber geometry 
and cooling, engine cycle variations and controls for an advanced 
expander cycle engine 

3. Investigate the feasibility and design impact of kitting the staged 
combustion cycle engine to provide extended low thrust operation and 
identify the required new technology 

h. Provide an in-depth analysis of development risk, crew safety, and 
reliability for both the staged combustion and advanced expnnuer OTV 
engine candidates 

3. Prepare a Work Breakdown Structure, Planning and Detailed Cost for a 
lOK advanced expander cycle engine 

6. Provide engine parametric data book and support to the OTV systems 
studies contractors and define and clarify engine design charaeterlsl Ics 
and options 

7. Prepare a comprehensive report at the conclusion of this study exten- 
sion containing sketches, graphs, tables, technical details, and 
programmatic Information resulting from the study. 
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PreviouH controctual atudy efforts conducted by Rocketdyne and Ai>ro)et 
(NAS8-32996 and NAS8-32999) , and In-houae aponeored prof^-rama condm l ed at 
Rocketdyne have provided a large data base for OTV-type englnea In li'riii.a ol 
both parametric and specific design point Information, it Is planned to niaki* 
full use of these data to make the OTV study as comprehensive as possible. 

The contracted extension effort includes five additional technical tasks ami 
one reporting task. A scheduling for these tasks is shown in Fig. 1. llu* 
program began with an orientation briefing at NASA-MSFC to disuc.ss details ol 
the work to be accomplished. At this briefing, Rocketdyne presented tlie 
approach of the program study plan, identified all tasks, their object Ki’s, 
expected results, man-hour allotments, and program milestones. 

As indicated in Fig. I, Task 8 was completed during this report period ami 
effort was started on Tasks 9, 10, and 11. Task 12 effort continued. 
Approximately A5 percent of the total planned man-hours have been expended in 
above efforts. This work is discussed in the main body of this report. 
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Figure I. 0T\^ Phase A-Extension, Progra^ Schedule 
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DISCUSSJ.ON 

TASK 8. ADVANCED EXPANDER CYCLE ENGINE OPTIMISATION 

The overall objective ol this tusk Is to optimize the ijerformunce of t he 
expander cycle engines with vacuum thrusts of lOK, 15K, and 20K witli a maximum 
retracted length of bO inches at a mixture ratio of 6:1. Maximization o\’ pay- 
load delivery will bo one of the primary goals of the study task for which 
performance/weight partials derived from NASA’s TMX-7339A will l)e usetl iluting 
simplified mission analysis. The information generated will form the basis 
for subsequent point design studies. The schedule for Task 8 is shown In 
Fig. 2. 

As Indicated in Fig. 2, all subtasks of the Advanced Expander Cycle Optimiza- 
tion Task have been completed. A detailed report documenting the effort is 
in preparation and is scheduled for release 30 November 1979, two weeks l.iti-r 
than originally scheduled. 

TASK 9. ALT "ATE LOW THRUST CAPABILITY 

Initial investigative activity has been started to determine specific l<>w 
thrust (approximately IK to 2K lbs) operating environment. This includes 
mixture ratio variations and trade studies which will determine heat transler 
requirements on the major combustion devices. 

Turbopump operation under low thrust conditions will next be examined and 


evaluated . 
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TASK 10. 


SAPm, RELIABILITY AND DEVELOPMENT 
RISK COMPARISON 


The nblective of tliUi task la Co perform eoniparaClve nnalyaeH In cite Inllowlo)' 
arena: ( 1 ) crew aafoty, ( 2 ) mlaalon BucceBB, ami ( 3 ) (level itpnienl riak with 
respect, to DDT&E *pro|.>ram schedule acivancoB or sllppageH. 


The comparisons, listed in Table 1, are being 
combustion and the expander cycles, and cover 


performed for both the staged 
the following number of engines 


per vehicle: 


TABLE 1. CYCLE COMPARISONS 


VEHICLE PROPULSION SYSTEM CONFIGURATION A B C 1) t, 

NUMBER OF ENGINES IN VEHICLE 12233 

THRUST PER ENGINE (K LBS) ^ 

NUMBER OF ENGINES REQUIRED FOR CREW SAFETY 112 1.’ 

NUMBER OF ENGINES REQUIRED FOR MISSION SUCCESS 1222 » 

During the report period a methodology for the first two task area.*, has been 

generated. The methodology is shown in a block diagram in Fig. 3; a typical, 
preliminary result Is shown in Fig. 4. 

Since th(> absolute values of the principal parameters, crew safety roUablliiy 
goal and mission success reliability goal are not specified at the present time 
the approach is to she’ the dependence of these reliabilities as a function of 

proj^ram cost. 
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Flpiiro f\ prcni'ntn Ihc rrnw Haft'ly and mlMMian fiiiaccH.i ral lahl 1 ( t va 
ti'nt ul)^l^ Tor propiilMlon Hyatcin cunf I pnraUun U. Tlia nirvcn wi-ra calaiilatf'd 
fur a nmU I|»1u onp.lnc falluru uurrolal lun laclur ul '» pcrcf-iU . Thin lar(t.i la 
dul Inud an ihu ratio of thoau onp.ino falliircn In a iiiulli|ih< »ai|',lno hiatal l.ii ion 
wlilcli run, Id affuut tlu> oiU 1 ri' propnlolon Hyatum to all onp.lno falluri-a. 


For tlu> parametora ehoaen in Fig. 4, tlio raUnrlationn Indlcatu an lin ioaai- In 
unghu' tuating root by a factor of about 2 for an Incroaao In crow aafolv or 
ml H M I o n 8 lu- c u 8 H t o 1 1 a b 1 1 1 1 y of 1 0 • 


Tho analyalH will bo oxtondod to cover a wider range of puramolera and to Inclmlo 
estimates of differences in engine reliabilities between staged combustion and 
expander cycle. 


TASK 11. COST AND PLANNING COMPARISON 


Cost and schedule data for a lOK lb thrust expander cycle engine are being 
assembled . 

TASK 12. VEHICLE SYSTEMS STUDIES SUPPORT 

As a result of the exi^ander cycle engine optimization studies completed under 
Task 8, chamber pressure updates for this engine cycle have been affected. 
Parametric engine performance, envelope, and weight data reflecting the higher 
achievable chamber pressures arc being generated and will be released to the 
vehicle contractors on dates approximately indicated on the program schedule 
in Fig. 1 . 


